In the present work, successful implementation of ultrasound irradiations for the rapid synthesis of 1,5-benzodiazepine derivatives under solvent-free conditions is demonstrated. Use of a novel catalyst i.e. camphor sulphonic acid in combination with ultrasound technique is reported for the first time. Comparative study for the synthesis of 1,5-benzodiazepines using conventional as well as ultrasonication method is discussed.
Introduction
Emerging area of green chemistry demands ecofriendly organic chemical processes, considering the increasing environmental pollution and its drastic impact on living systems.
1 Hence, significance of greener pathways in organic synthesis is ever-growing in order to attain the sustainability. For many chemical operations, a major adverse effect to the environment is consumption of energy for heating and cooling. To overcome such problems, it is highly enviable to develop efficient routes that utilize alternative energy resources. 2 In this regard, number of organic chemists are engaged in the development of cleaner and ecofriendly synthetic protocols. One of the thrust areas for achieving rapid syntheses of organic compounds minimizing the need of conventional heating and cooling, and use of hazardous/ volatile organic solvents involves the utilization of nonclassical energy resources like ultrasound irradiation technique and microwave energy.
3
Ultrasound technique has increasingly been used in organic synthesis and therefore acting as a stepping stone towards green chemistry. Simple experimental procedure, very high yields, increased selectivities and clean reaction of many ultrasound induced organic transformations offer additional convenience in the field of synthetic organic chemistry. One of the most promising features of this technique is that the assistance of ultrasonic irradiation efficiently shortens the reaction times and the driving force behind this is the phenomenon of acoustic cavitation. 4 Ultrasound irradiations also keep the potential to facilitate organic transformations at ambient conditions by eliminating the need of drastic conditions such as temperature, pressure and concentrations. Furthermore, considering the basic green chemistry concepts, ultrasound is proving to be more efficient for improving the traditional reactions that require expensive reagents, strong acidic conditions, longer reaction time, high temperatures, unsatisfactory yields and incompatibility with other functional groups.
6,7 Therefore, there is a lot of scope for the use of ultrasound technique in the organic synthesis and in this endeavor organic chemists are focusing more and more on its use for the synthesis of bioactive molecules.
Benzodiazepines constitute an important class of biodynamic heterocycles and synthesis of these compounds has been receiving great attention in the field of medicinal and pharmaceutical chemistry owing to their broad spectrum of biological/pharmacological activities 8 and their often use as analgesic, sedative, hypnotic, anti-consultant, anti-anxiety, anti-depressive, and anti-inflammatory agents. 9 In addition, 1,5-benzodiazepines are valuable synthetic intermediates for the preparation of other heterocyclic compounds such as triazolo-, oxadiazolo-, oxazino-, furano-, and quinazolinobenzodiazepines.
10
Cyclocondensation of o-phenylenediamines with carbonyl compounds is one of the well established synthetic methods for the construction of 1,5-benzodiazepine derivatives. 32 Since, 1,5-benzodiazepine derivatives keeps enormous significance in pharmaceutical and medicinal fields, the development of simple, eco-benign and low cost protocol is still desirable.
Interest in the field of organocatalysis has increased spectacularly in the last few years as a result of both the novelty of the concept and, more importantly, the fact that the efficiency and selectivity of many organocatalytic reactions meet the standards of established organic reactions.
33
Camphor sulphonic acid (CSA) is achieving enormous significance in organic synthesis as this catalyst is used in the synthesis of chromans, 34a ligands, 34b and pseudoglycosides, 34c as an auxillary, 35a and in some polymerization reactions.
35b Considering the significance of all above discussed aspects and in continuation of our endeavor 36 towards the development of ecofriendly synthetic protocols for the construction of bioactive molecules, it was thought worthwhile to develop a new, simple, greener and expeditious route for the synthesis of 1,5-benzodiazepine derivatives under conventional/ultrasound technique using camphor sulphonic acid as an organocatalyst.
Results and Discussion
For the reasons of economy and pollution, solvent-free methods are of great interest in order to modernize classical procedures making them more clean, safe and easy to perform.
37 Therefore, emphasis was given to carry out all the optimization experiments under solvent-free conditions at room temperature.
In our initial experiments towards the development of efficient methodology for the synthesis of 1,5-benzodiazepines, reaction of o-phenylenediamine with acetophenone was performed under solvent-free and catalyst-free conditions (Scheme 1). But, unfortunately even after 60 min reaction was not initiated and starting materials were recovered. Since, uncatalyzed reaction did not lead to the formation of product, it was thought that for initiation of the reaction intervention of catalyst is must. Hence, various well known acid catalysts such as boric acid, sulfamic acid, sulfanilic acid, EDTA·2Na salt in water and pTSA as well as some organocatalyts i.e. L-proline and camphor sulphonic acid were tested to activate the reaction mass.
When sulphamic and sulfanilic acid was used for the reaction, desired product was obtained in only 59% and 66% yields respectively (Table 1 , entries 2 and 3). EDTA.2Na failed to give the product in desirable yield (Table 1 , entry 5). In contrast, Boric acid and oxalic acid delivered the product in good yields (Table 1 , entries 1 and 4). Although boric and oxalic acid were found to be effective catalysts for the model reaction, some organocatalysts like L-proline and camphor sulphonic acid were also examined in order to improve efficiency of the results obtained in the initial study. To our surprise, reaction in the presence of CSA found to proceed rapidly affording excellent 89% yield (Table 1 , entry 11). L-proline also delivered the product in good yield (Table 1 , entry 7), but in comparison to CSA it was in less extent. Therefore, considering the effective catalytic activity of CSA and for exploitation of its applications in organic transformations, CSA was preferred as a catalyst of choice for subsequent optimization studies.
To determine the exact requirement of catalyst for the reaction, we investigated the model reaction using different concentrations of CSA such as 1, 2.5, 5, 10 and 15 mol %. During this study, formation of the product was observed in 39, 57, 77, 89 and 90% yield respectively (Table 1, entries 8-12 ). This indicated that 10 mol % of CSA was sufficient to carry out the reaction smoothly.
It is worthy to point out here, since CSA is having carbonyl group in its structure one may speculate the possibility of the reaction of CSA with o-phenylenediamine. To confirm this, a series of experiments were performed using CSA in 5, 10, 20 and 50 mol % in the absence of second reactant viz. ketone. But, even after 60 min initiation of the reaction was not observed and starting materials were recovered as it is. In this way, possibility of the side reaction of CSA and o-phenylenediamine has been ruled out via above study.
Non-conventional energy resources like ultrasound and microwave irradiation techniques have become very popular and useful chemical technologies in organic chemistry. Considering the well established applications of ultrasound and microwave activation to promote variety of chemical reactions, we next attempted to carry out the model reaction using optimized reaction conditions under ultrasound as well as microwave irradiations with a view to explore whether, (i) the reaction could be expedited and, (ii) the product yield could be enhanced. Assistance of ultrasound irradiations did not brought significant improvement in the product yield (91%), Table 1 , entry 13 but it is noteworthy to point out that the reaction time reduced enormously to 15 min as compared to conventional method (50 min). In contrast, reaction under microwave irradiations failed to afford the product in good yields (Table 1, entry 14) . This practically observed fall in the yield may be due to the hydrolysis of benzodiazepine in a microwave oven.
38
It should be noted that, above study clarifies the assistance of ultrasound energy to accelerate the rate of reaction. The difference in yields and reaction times may be a consequence of the specific effects of ultrasound. The effect observed on the reaction is due to the phenomenon of acoustic cavitation, a physical process that creates, enlarges, and implodes gaseous and vaporous cavities in an irradiated liquid, thus enhancing the mass transfer and allowing chemical reactions to occur swiftly. The creation of the so-called hot spots in the reaction mixture produces intense local temperatures and high pressures generated inside the cavitation bubble and its interfaces when it collapses. [4] [5] [6] [7] The collapse of cavitation bubbles result in the formation very reactive chemical species having short lifetime which facilitates the rapid synthesis of 1,5-benzodiazepines.
A possible mechanism involved in CSA catalyzed cyclocondensation reaction for the synthesis of 1,5-benzodiazepines can be outlined as follows: o-phenylenediamine (1) reacts with two molecules of ketone (2) in the presence of camphor suphonic acid as a catalyst to form schiff base (A), which undergoes 1,3-H shift and get converted into intermediate (B). Thus formed intermediate (B) via subsequent cyclization affords the final product (3), i.e., 1,5-benzodiazepine. Diagrammatic representation of the mechanism is rationalized in Figure 1 .
Having established the optimum experimental conditions for obtaining the best yields of 1,5-benzodiazepine derivatives, different o-phenylenediamines with respect to various ketones were examined under conventional and ultrasound method. Notably, all the substrates were observed to be well tolerated under optimized conditions furnishing the product in good to excellent yields. All the results are compiled in Table 2 . Formation of the desired product was confirmed by comparing their physical constant, IR, 1 H NMR,
13
C NMR and mass spectro-scopic data with reported compounds.
Conclusions
In summary, an efficient, greener and expeditious synthetic protocol for 1,5-benzodiazepines has been developed. This synthetic strategy offers some remarkable advantages, such as use of non-classical energy source (ultrasonication), non-toxic and economically viable catalyst, solvent-free conditions, high isolated yields, and more importantly reduced reaction times. Present work is the first report on the combined use of ultrasound irradiation and solvent-free conditions for the synthesis of 1,5-benzodiazepines.
Experimental
General. All chemicals were purchased and used without any further purification. Melting points were determined on a Veego apparatus and are uncorrected. Infrared spectra were recorded on a Bruker spectrophotometer in a KBr disc, and the absorption bands are expressed in cm Typical Experimental Procedure. Conventional Method: A mixture of o-phenylenediamine 1a (110 mg, 1 mmol), acetophenone 2a (240 mg, 2 mmol) and camphor sulphonic acid (23 mg, 10 mol %) in a closed round bottomed flask of capacity 25 mL was allowed to stir vigorously at room temperature. Reaction progress was monitored by TLC (ethyl acetate/n-hexane, 2:8). After completion of the reaction, reaction mixture was poured on icecold water and stirred well. Thus obtained yellow coloured solid product was collected by simple filtration, washed with water and dried. This crude product (3a) was then recrystallized from aqueous ethanol to get pure product. Ultrasound Method: A mixture of o-phenylenediamine 1a (110 mg, 1 mmol), acetophenone 2a (240 mg, 2 mmol) and camphor sulphonic acid (23 mg, 10 mol %) in a closed round bottomed flask of capacity 25 mL was subjected to ultrasound irradiation in ultrasonic bath at room temperature. Reaction progress was monitored by TLC (ethyl acetate/n-hexane, 2:8). After completion of the reaction, reaction mixture was poured on ice-cold water and stirred well. Thus obtained yellow coloured solid product was collected by simple filtration, washed with water and dried. This crude product (3a) was then recrystallized from aqueous ethanol to get pure product.
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